SECTION I -Introduction
Aliapur was founded in 2002 by tyre manufacturers as a means of providing a collective response to the regulatory obligations in force in France with regard to the management of used tyres.
From 2004, Aliapur implemented a major industrial research programme to support the development and optimisation of long term, and diverse, recovery possibilities.
The recovery of used tyres is the result of these various types of research, and is now diversified into a wide range of methods:
Re-use/retreading: extending the lifespan of tyres and delaying non reusable used tyre status Energy recovery in cement works or urban heating Material recycling of the carbon and iron in used tyres in steelworks or foundries Recovery in public works for the construction of drainage basins or retention basins Recovery of used tyre granulates in the manufacture of moulded objects, synthetic turf or equestrian floors At a time when several used tyre recovery methods have achieved a certain maturity, Aliapur decided to carry out a comparative environmental evaluation of the various recovery alternatives.
In addition to comparing the different alternatives, this environmental evaluation aimed at identifying the strengths and weaknesses of each recovery method, and of the management of used tyres as a whole.
This evaluation was based on the Life Cycle Assessment approach and conformed to the methodological prescriptions developed in the ISO 14 040 and ISO 14 044 standards. It was carried out by PricewaterhouseCoopers Ecobilan, a consulting firm specialising in life cycle assessments, and was reviewed by a committee of European LCA experts and interested parties.
The study was conducted over an entire business year. The year 2008 was chosen as reference because it was representative of Aliapur's current and future activities (300,309 tonnes of tyres collected and recovered in 2008).
A few key figures:
140,000 collection orders in 2008 representing the 300,309 tonnes of collected tyres Collection made from 40,000 collection points throughout the country, and delivered to 90 sorting centres 11 transformation sites: grouping together and preparing recovery (shredding...) 27 recoverers, situated essentially in France, but also in Sweden (urban heating), Morocco (cement works) and Finland (public works).
Nine recovery methods that are representative of the field were studied:
Four so-called "destructive" methods: cement works, foundries, steelworks and urban heating.
Five "non destructive" recovery methods: retention basins, infiltration basins, moulded objects, synthetic turfs and equestrian floors. The critical review report, dated 21 November 2009, was published in its entirety in the full report of this assessment.
The comments made in the course of the critical review resulted in particular in:
better distinguishing the destructive recovery methods from the non destructive methods presenting the references of the toxicology tests conducted by Aliapur doing a sensitivity analysis for the allocation of material energy better justifying the life spans of floors for sports use clarifying the foundry process model Fundamental discussions also focused on the boundaries between systems, and, more particularly, on the end-of-life period for non destructive recovery of ELT.
Life Cycle Assessment of nine recovery methods for ELT Reference document -Publication June 2010 -R&D Aliapur © 7/ 38 SECTION II -The methodology 1. The system studied and the functional unit
The diagram below presents the various stages involved in the nine ELT recovery methods studied. They were all taken into account in this assessment. Also shown are the "traditional" products that ELT replace.
Figure 1: Diagram of the various ELT recovery methods studied
For all the recovery methods, the environmental impact was calculated for a given provided service: "recovering one tonne of used, end-of-life used tyres from a collection point"
Eight characteristic environmental indicators
Eight indicators acknowledged in the field of Life Cycle Assessment were calculated. They form a set of indicators that are sufficiently complete to be able to satisfy the aims of the study:
Total primary energy consumption
Consumption of non renewable resources
Water consumption
Contribution to eutrophication 1 Emissions of greenhouse gas of fossil origin (direct, 100 years) 1 The eutrophication of an aqueous milieu is characterised by the introduction of nutrients, in the form of nitrogen compounds or phosphates, for example, leading to a proliferation of algae and the asphyxia of the aquatic milieu.
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Tropospheric ozone formation 2 Acidifying gas emissions
Generation of non dangerous waste
Assessment of the toxic and ecotoxic effects is presented in chapter 5 below.
Avoided impacts method
The assessment method was based on the methodological principles of Life Cycle Assessment and those that are used for reference in studies on household waste management.
The environmental review of the various ELT recovery methods was thus established for each environmental indicator by adding:
The direct generated impacts by the stages needed for the recovery of the tyres: collection of the ELT, as well as the recovery stage in itself
The avoided impacts through replacing the "traditional" products with ELT.
As the aim was to compare two solutions, one traditional method and one ELT-based alternative method, none of the stages that were identical for the two solutions being compared were taken into account given that they did not provide any differentiation.
As an example, in the case of cement works, using tyres as a replacement for traditional fuels makes it possible to:
Avoid the extraction and preparation stages needed for these traditional fuels, the supply process for these traditional fuels and the shredding of solid fuels;
Replace the fossil-origin CO2 emissions caused by the combustion of the traditional fuels with fossil-origin and biomass CO2 caused by the combustion of used tyres;
Recover the steel contained in the ELT.
Allocation of the material energy contained in tyres
Used tyres contain material energy which is available for use in its thermal form, as expressed through its NCV (net calorific value). As this feedstock energy was initially obtained from the environment, it is necessary to determine to whom this consumption should be allocated.
End-of-life tyres have the status of waste according to the current regulations. In this study, it was considered that the consumption of feedstock energy should be attributed to those who transferred the tyre from a status of product to that of waste.
Used tyres thus have a very real potentialtheir NCVwhich is considered to be free from the point of view of environmental accounting for the stages following this abandonment.
The critical review committee drew attention to the importance of choosing this allocation method, which necessarily had an influence on the results for the "total primary energy consumption" indicator. As a result, a sensitivity analysis was carried out, taking into account the following scenario: 50% of the feedstock energy consumption from the tyres was allocated to those abandoning the tyres, the remaining 50% to the ELT recovery method (see Section IV).
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Evaluating toxic and eco-toxic impacts and other prior studies carried out by Aliapur
Evaluating the toxic and eco-toxic impacts of the sensitive stages of ELT recovery was done upstream of this study. Aliapur conducted a wide range of experiments with the aim of evaluating the toxic and eco-toxic impact that could be associated with certain key stages of the recovery methods for synthetic turf, retention basins and infiltration basins.
Rather than apply the toxicity and eco-toxicity indicators used in the context of life cycle assessments (which are usually not considered very solid) as a means of taking into account the potential toxicity or eco-toxicity associated with the various recovery methods studied, we decided it was more relevant to provide a reminder below of the main results of the experiments conducted by Aliapur. The critical review committee accepted this presentation of toxic and eco-toxic effects.
a) Synthetic turf
Aliapur carried out trials to evaluate ELT-based synthetic turf from the point of view of its leaching and emissions into the atmosphere:
Leaching tests on complete (fibres, sand, glues and filling materials) synthetic turf systems (EPDM, ELT);
Physical and chemical characterisation of the leachates;
Eco-toxic tests on the leachates;
Measurement of the emissions into the air of VOC and formaldehyde. In addition, these measurements made it possible to carry out INERIS health studies in accordance with several typical exposure scenarios.
The tested floors were comparable from the point of view of these various indicators and the eco-toxic tests that were carried out did not reveal any eco-toxicity in the leachates. VOC emissions were a little higher for EPDM surfaces than for those based on ELT.
A summary of this trial can be consulted at the following address: http://www.aliapur.fr/media/files/RetD_new/Plaquette_gazon_synthetique.pdf
b) Retention basins and infiltration basins
Recovering ELT in retention basins has been the subject of many very advanced studies by Aliapur. These studies were conducted by the EEDEMS scientific group. They consist in carrying out in situ experiments with long term monitoring of leaching, chemical characterisation of the leachates and eco-toxicity tests (NF EN ISO 6341 daphnia test, NF EN ISO 17512-1 earthworm test, NF T90-375 algae test and the NF X31-201 barley test) on these same leachates. In order to reproduce the effects of regular watering of green spaces with this synthetic turf, tests were also conducted more in the long term on terrestrial plant species of the Ray Grass type.
None of these tests revealed any problems that could be assimilated with contamination of the water with which the ELT come into contact:
-From a physical and chemical characterisation point of view, the analysis of the results shows that the various substances that were screened for (metals, hydrocarbons, etc.) remained at concentrations lower than the threshold values for the legal references and less than the lower threshold values for the drinkability of water.
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-The tests conducted on the turf did not reveal any impact on germination or growth.
Additional information concerning these studies can be consulted at the following address:
http://www.aliapur.fr/modules/movie/scenes/home/index.php?fuseAction=page&rubric=Mots ClesApplications&article=ApplicationsBassinsRetention&FUSEBOX_LANG=2
c) Equestrian floors
With regard to equestrian floors, measurement of the particles in the air took place in the course of tests carried out on ELT granulate-based equestrian floors; these measurements were made by means of a laser system.
These measurements made it possible to show that one of the main advantages of equestrian floors made from ELT granulates is that this type of floor produces less dust in the air than traditional floors made from sand (in addition, sand has a tendency to disintegrate under the effects of the hammering it receives from the horses' hooves, producing large amounts of dust and resulting in a frequent need for watering to prevent the formation of dust clouds).
Becoming end-of-life products
Fundamental discussions with the critical review committee focused on the boundaries of the studied systems, and, more particularly, on the end-of-life period for non destructive recovery of ELT. The verifiers consider that the end-of-life period for non destructive recovery should have been taken into account. Furthermore, they believe that, as this has not been taken into account, the destructive recovery methods cannot be compared to the non destructive methods and that they should thus have been the subject of separate comparisons.
The authors of the study explain that the decision to not take into account the end-of-life period of the non destructive methods was based on the fact that:
The functional unit focused on the recovery of one tonne of ELT and not on the destruction of one tonne of ELT;
The accounting done in the context of the environmental studies on the management of household waste never takes into account the end-of-life step of non destructive recovery methods. The environmental assessment associated to the recycling of PET bottles in the form of polar fibers does not take into account the end-of-life step of polar fiber products. In this context, the recovery methods using incineration with energy recovery are compared to recycling recovery methods;
Taking into account the end-of-life step, which would combine the dismantling/sorting operations and energy recovery from the tyres, would probably lead to improved results. The accounting option that was calculated thus corresponds to a conservative hypothesis.
The authors of the study are in agreement with the critical review committee on recommendations for a research programme to be set up, focusing on the end-of-life period for non destructive recovery methods. Consumption of non renewable resources (in kg eq. antimony)
Waste contributing to eutrophication (in g eq. PO4)
(*) Non significant deviation when the overall result calculated is lower than the greater of the two following values: 10% of the total generated impacts, 10% of the total avoided impacts The calculated environmental reviews show that with current technical conditions, almost all the recovery methods studied have environmental benefits, and this, regardless of the type of impact taken into consideration.
Comparing the results from the various recovery methods makes it possible to identify three main groups:
The production of synthetic turf, the manufacture of moulded objects and cement works stand out as the most advantageous methods on the basis of the studied environmental indicators.
Retention basins and infiltration basins are recovery methods for which the advantages remain relatively minimal.
The other recovery methods have advantages situated at an intermediary level, between these two categories. Their advantages are more or less clear, depending on which indicators are taken into account.
Remark: Recovery in foundries is an emerging field. The data used in the present study were obtained from industrial trials that need to be confirmed. On the basis of the data currently available, the benefits generated by recovering ELT in foundries have been judged to be non significant.
In the particular of case of total primary energy consumption, the sensitivity analysis, which consisted in allocating half the material energy from the tyres to the recovery method, confirmed the robustness of the results for the recovery methods in synthetic turf, moulded objects, cement works, steelworks and urban heating. On the other hand, it resulted in the performances of the other recovery methods being put into perspective for this indicator (see Section IV, Chapter 2).
Generally speaking, the benefits provided by the recovery of ELT come from the effect of using ELT as substitutes for high energy-consumption materials, an effect from avoiding the production and transport of certain substituted materials when the life span of ELT products is greater than that of the products they replace, as well as the biomass fraction of used tyres. Production of waste
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(in t) 0 to 0.2 -4.5 -0.45 0 -1 -1 -29 -1 0
Table 2 -Putting into perspective the generated impacts by the transport and preparation stages for ELT in relation to the avoided impacts through substitution for traditional products
As shown in the table above, the generated impacts by the common transport and preparation stages for ELT (collection and other stages such as transport, sorting, shredding,granulation) remain low relatively to the order of magnitude of the avoided impacts for the eight computed indicators.
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Conclusions
The results obtained for the nine studied recovery methods show that it is always advantageous to invest in the stages upstream, represented by collection, sorting and shredding/granulation as a means of trying to recover the potential of used tyres.
A management policy for used tyres based on the combination of these different methods thus results in environmental benefits being produced.
Whilst approving this general conclusion, the critical review committee recommended that the end-of-life period of the non destructive recovery methods should be studied.
The obtained results also make it possible to put into perspective the hierarchy for waste mentioned in the context of the Directive 2008/98/EC concerning waste. It effectively appears that recycling methods do not systematically have better environmental review results than energy recovery methods. Recovering ELT makes it possible to guarantee an alternative service for a supply that generally requires the consumption of traditional resources.
Life
The information collected from the various contributors has thus made it possible to establish the substitution rate concerning each method.
ELT recovery method
Substitution rate for an equivalent service and the same life span
tonne of ELT replaces:
Life span of the ELTbased product and the traditional product 
Sensitivity analyses
Various sensitivity analyses were carried out in the context of this study in order to evaluate the incidence of certain technical choices, as well as the robustness of the results.
These analyses thus focused on the following aspects:
allocation of the material energy from tyres the incidence of the choice of granulation technique (techniques currently used in France versus cryogenic granulation)
Other analyses, specific to a given recovery method, were also conducted. The information obtained is provided in the focus per recovery method presented in Section V.
a) Sensitivity analysis focusing on taking into account feedstock energy
In the context of this study, the feedstock energy contained in the tyres is calculated as being the responsibility of whoever passed the tyre from its status of product to that of waste, and not the responsibility of the ELT recovery method.
As shown in the table below, allocating half of the tyres' feedstock energy to the ELT recovery methods produces a change in the results for this indicator. It also resulted in us putting into perspective the performances of the other recovery methods for the "primary energy consumption" indicator. This can be explained by the low energy-consuming nature of the traditional solutions being replaced, which use materials with a low, or zero, energy content (sand, gravel, concrete blocks).
Primary energy consumption (GJ/t)

b) Sensitivity analysis focusing on granulation process
Cryogenic granulation is not used in France: the sites at which this technology is available are located in Portugal. The Netherlands is also partially implementing this technology.
Through this complementary analysis, we hope to highlight the differences found at the environmental level between this granulation technique and those used in France (compression granulation and successive shredding granulation).
Scenario
Indicators
Reference scenario Cryogenics
Total primary energy consumption (in GJ) 3 9
Emissions of greenhouse gas of fossil origin (direct, 100 years) (in kg eq. CO 2 ) 39 369
Emissions of acidifying gas (in g eq. SO 2 ) 243 2 031
Emissions of gas contributing to the creation of tropospheric ozone (in g eq. ethylene) 5.1 15.7
Consumption of non renewable resources (in kg eq. Sb) 0.3 2.5
Water consumption (in m 3 ) 0.66 9.40
Waste contributing to eutrophication (in g eq. PO 4 ) 23 115
Waste production (in t) 0.34 0.66 The results of this analysis are presented for the granulation stage only, with a reference flow of 1 tonne of tyres entering the granulation process. The reference scenario corresponds to the French distribution between the successive shredding and compression techniques.
It should be noted that this comparison does not take into account the differences in quality between the granulates produced.
The increase in impact between the successive shredding or compression techniques on the one hand, and the cryogenic granulation technique on the other is considerable.
This increase in impact comes essentially from the significant energy consumption at the level of the machines and for the production and transport of the liquid nitrogen needed for cryogenic shredding granulation.
Life Cycle Assessment of nine recovery methods for ELT Reference document -Publication June 2010 -R&D Aliapur © 22/ 38
Modelling the transport stages for used tyres
In-depth modelling work was carried out to characterise the transport stages for used tyres. Transporting ELT from their storage place to the recovery site is composed of the following stages:
Collection of the used tyres from the storage sites and transport to the sorting centre: 40,000 collection points, around 90 sorting centres.
Transfer of the ELT from the sorting centres to the transformation platforms (shredding / granulation). In most cases, the sorting and transformation are done on the same premises and this transfer is therefore not necessary.
Transport of the ELT to the recovery sites. There are two possibilities: -the ELT are transported by road to the recovery sites -if the recovery will take place abroad (cement works, urban heating), the tyres transit first through transit hubs before being sent by boat and, when necessary, then by road to the recovery site.
The fuel consumption associated with each transport stage was calculated using the following formula: Once completed, the analyses revealed the need to establish sets of different data (tonnage transported, distance covered) for "skip" and "bulk" collections. On the contrary, it was not useful to distinguish the collections in terms of the type of tyre.
Skip Bulk
Total tonnage (t) 142,000 127,000
Distance (km) 77 74
Actual load transported (t) 4 1.4
Useful load (t) 12 3
Consumption per 100 km full load (L) 34 15
Empty return (conservative hypothesis) 100% 100%
Consumption per tonne (L) 9.5 12 Similarly, these parameters were determined for the other ELT transport stages.
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Focus on the transport stages
Given the logistic organisation needed for the management of used tyres, and the motivation shown by several of the interested parties for the environmental impact of transport, particularly the greenhouse effect, we wanted to evaluate the cumulated contribution of all the ELT transport stages for this indicator.
The transport stages taken into account for the calculations are as follows:
Road transport of the tyres from the 40,000 collection points to the 90 sorting centres.
Road transport of the ELT from the sorting centres to the transformation platforms (shredding / granulation).
Transport from the sorting or transformation centres to the recovery sites in France (by road) and abroad (sea and road). Contribution Transport Impacts générés Impacts évités
Figure 10: Greenhouse gas effect indicator-generated impacts, role played by the transport stages and avoided impacts for the various recovery methods studied
For most recovery methods, the results show that the transport stages play an environmental role (45 to 84 kg eq. CO 2 / tonne of ELT) that is secondary to the impacts generated by the recovery methods, and that the transport impacts are greatly inferior to the benefits generated by using tyres to replace traditional products. 
Focus on the non destructive methods
Focus on synthetic turf
Scenarios
Indicators
Overall result Generated impacts by the recovery Avoided impacts (substitution effect) Total
Including the transport and preparation stages
Total primary energy consumption (in GJ) -74 13 3 -87
Emissions of greenhouse effect gas of fossil origin (direct, 100 years) (in kg eq. CO2) -3,217 425 91 -3,642
Emissions of acidifying gas (in g eq. SO2) -10,589 2,209 536 -12,798
Emissions of gas contributing to the creation of tropospheric ozone (in g eq. ethylene) -759 48 11 -807
Consumption of non renewable resources (in kg eq. antimony) -33 5 0,5 -37
Water consumption (in m 3 ) -15 2 0,6 -17
Waste contributing to eutrophication (in g eq. PO4) -747 237 97 -984
Waste production (in t)
Synthetic turf is composed of a mat of synthetic grass into which is added a ballast bed of sand, covered with a layer of loose granulates.
The environmental results were established on the basis of the comparison of synthetic turf with a filling made of ELT granulates and a synthetic turf with a filling made of chalk and virgin EPDM granulates. At the level of the total life span of synthetic turf with ELT granulates, the substitution rate is 1 kg of ELT for 0.5 kg of virgin EPDM and 2 kg of chalk.
For all the indicators that we looked at, the overall results show that there are significant environmental benefits.
The transport and preparation stages play a role in the generated impacts by the recovery method, which remains secondary. The recovery stage itself (laying the synthetic turf with ELT granulates) plays the greatest role.
An analysis focusing on only the stages prior to recovery shows that:
the transport stages (collection, transfer to shredding / granulation and to recovery) play a role of 60 to 80% in the indicators corresponding to emissions into the atmosphere (greenhouse effect, tropospheric ozone), emissions into water (eutrophication) or the exhaustion of non renewable resources. This can be explained by the consumption of fossil energy fuels in the transport systems.
the granulation stage plays a role of 60 to 70% in water and energy consumption, and 100% of the production of non dangerous waste products.
The sorting and shredding stages only play a very minor role in the environmental impacts of tyre recovery for synthetic turf. The environmental results were established on the basis of an ELT anti-vibration mat and an anti-vibration mat made of virgin polyurethane. The life span of both mats is the same and there is no difference in the manufacturing processes. The substitution rate taken into consideration is 1 kg of virgin polyurethane replaced by 1 kg of ELT granulates.
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Focus on moulded objects
For all the indicators on which we focused, the overall results show that there are significant environmental benefits associated with the fact that there is no need for the production of virgin polyurethane, a process which is a stage with a relatively high impact.
The sensitivity analysis carried out with regard to the allocation of the feedstock energy from the ELT showed that the result was less positive for the field using ELT when half the feedstock energy from the tyres was allocated to it, even though the product nevertheless remained advantageous when compared to the virgin polyurethane sector.
Remark: the conclusions of the analysis focusing on the upstream recovery stages (transport and preparation) are similar to those established for synthetic turf.
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Focus on equestrian floors
Scenarios 1
Indicators
Overall results Generated impacts by the recovery Avoided impacts (substitution effect) Total including transport and preparation stages
Total primary energy consumption (in GJ) -4 5.5 3 -9.5
Emissions of greenhouse gas of fossil origin (direct, 100 years) (in kg eq. CO2) -342 202 91 -544
Emissions of acidifying gas (in g eq. SO2) -1,557 1,323 536 -2,880
Emissions of gas contributing to the creation of tropospheric ozone (in g eq. ethylene) -156 16 11 -172
Consumption of non renewable resources (in kg eq. antimony) -3 1.5 0.5 -4.5
Water consumption (in m 3 ) -28 2 0.6 -30
Waste contributing to eutrophication (in g eq. PO4) -270 180 97 -450
Production of waste (in t) -29 0.4 0.2 -29 1 Warning: the stages identical to both of the solutions compared (in this case, laying the support floor composed of a compacted layer of broken gravel) were not taken into account given that there is no differentiation in terms of the environmental result.
The environmental results for the "equestrian floor" recovery method were established from the comparison of an ELT equestrian floor with an equestrian floor made of the traditional sand. A sand equestrian floor is different from an ELT equestrian floor in that it has a much shorter life span and is much thicker. For the life span of an equestrian floor made from ELT granulates (10 years), the substitution rate is 1 kg of ELT for 44 kg of sand. This calculation takes into account the renewal rate of 5% for the loose layer of ELT. For all the indicators analysed, the overall result shows that there are environmental benefits for the ELT method, and that these advantages are more or less significant depending on the indicators. This observation is particularly interesting given that ELT equestrian floors produce better performances than traditional sand floors in terms of dust emissions, as well as for the safety of the users. The benefits come in great part from the fact that there is no need for sand productionextracting the sand from a quarry produces up to 70% of the avoided impacts with ELT, with the remaining 30% coming from the transport to the riding school.
In the particular case of the "total primary energy consumption" indicator, the sensitivity analysis carried out on the allocation of feedstock energy showed that the energy result was no longer positive for the ELT sector when half the feedstock energy from the tyres was allocated to this sector because of the low-energy-consuming nature of the traditional solution.
The sensitivity analysis for the life span of ELT equestrian floors consisted in comparing the scenario retained with one based on a life span of 20 years. The substitution rate was then 1 kg of ELT for 73 kg of sand, this producing an increase in the environmental benefits for the ELT recovery method.
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Focus on retention basins
Indicators
Total primary energy consumption (in GJ) -10 3 0,5 -13
Emissions of greenhouse gas of fossil origin (direct, 100 years) (in kg eq. CO2) -448 209 44 -657
Emissions of acidifying gas (in g eq. SO2) -1,083 1,330 257 -2,413
Emissions of gas contributing to the creation of tropospheric ozone (in g eq. ethylene) -73 28 6 -101
Consumption of non renewable resources (in kg eq. antimony) -4 1,2 0,2 -5,2
Water consumption (in m 3 ) -1.3 0.3 0 -1.6
Waste contributing to eutrophication (in g eq. PO4) 14 (*) 312 62 -298
Production of waste (in t) -1 0 0 -1 1 Warning: the stages identical to both of the solutions compared (in this case, producing the drains, the geomembrane and the proofing complex) were not taken into account given that there is no differentiation in terms of the environmental result.
(*) Non significant deviation as less than 10% of the total of the generated impacts by the recovery
The environmental results were established from the comparison between the ELT recovery of whole tyres for the construction of retention basins, and solutions using traditional materials, such as blocks of concrete or plastic.
The results were calculated taking into account in particular the following data:
The hypothesis made in this study was that of a substitution of 50% of the blocks of concrete and 50% of the blocks of plastic.
The substitution rates were:
o 1 kg of ELT for 2 kg of concrete in cases where the solution replaced is composed of blocks of concrete o 1 kg of ELT for 0.3 kg of polyethylene in cases where the solution replaced is composed of blocks of plastic
The leaching impacts, taken into account for the recovery method, were deemed to be negligible for the traditional solutions.
The environmental results established for the indicators analysed show that there are environmental benefits for the recovery method, even though these benefits are nevertheless minimal for several indicators.
The benefits generated by replacing the blocks of concrete or plastic with ELT come mainly from the fact that using ELT removes the need to produce virgin polyethylene. The ELT solution is also more beneficial than concrete for all the indicators studied.
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The results obtained and summarised above must nevertheless be put into perspective in the light of the two following points:
The importance in terms of the benefits produced by the recovery of ELT in retention basins depends greatly on the respective proportions of concrete blocks and plastic blocks in the solution being replaced, with plastic blocks and concrete blocks producing very different impacts;
Concerning energy consumption, the sensitivity analysis carried out shows that the results are not positive for the ELT sector when 50% of the feedstock energy from the tyres is allocated to the ELT sector. This can be explained by the low-energyconsuming nature of the traditional solution, which used materials with low energy content (mixture of concrete block and plastic block solutions).
Remark: the generated impacts by the recovery method come essentially from the implementation stage. This can be explained by the fact that the ELT void ratio (70%) is lower than that of the concrete blocks (100%), which thus implies the need for additional excavation work.
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Focus on infiltration basins
Indicators
Total primary energy consumption (in GJ) 0 (*) 1 1 -1
Emissions of greenhouse gas of fossil origin (direct, 100 years) (in kg eq. CO2) -11 57 57 -68
Emissions of acidifying gas (in g eq. SO2) 18 (*) 319 319 -301
Emissions of gas contributing to the creation of tropospheric ozone (in g eq. ethylene) 0 (*) 7 7 -7
Consumption of non renewable resources (in kg eq. antimony) 0
Waste contributing to eutrophication (in g eq. PO4) 21 75 71 -54
Production of waste (in t) 0 0 0 0 1 Warning: the stages identical to both of the solutions compared were not taken into account given that there is no differentiation in terms of the environmental result.
The results come from the comparison between the sector using shredded ELT and the solution using natural gravel. The substitution was made on the basis of ratio of 1 kg of ELT for 6 kg of gravel.
The environmental results obtained for the indicators on which we focused show that there are environmental benefits for the recovery method, even if they are nevertheless minimal.
In the particular case of the "primary energy consumption" indicator, the sensitivity analysis carried out on the feedstock energy contained in the tyres shows that the energy benefit of the ELT recovery method in infiltration basins is not as strongly acquired as it depends on the choice of allocation for this energy.
The benefits generated by replacing the gravel with ELT come essentially from the substitution factor. The avoided impacts correspond essentially to the gravel production stage, whilst the fact of avoiding the transport stages for gravel supplies has very little influence on the avoided impacts obtained.
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Focus on destructive methods
Focus on cement works
Emissions of gas contributing to the creation of tropospheric ozone (in g eq. ethylene) -92 11 11 -103
Consumption of non renewable resources (in kg eq. antimony) -21 0.5 0.5 -21.5
Water consumption (in m 3 )
Waste contributing to eutrophication (in g eq. PO4) -327 116 116 -443
The environmental results were established on the basis of the comparison between the energy recovery from ELT in cement works and the solutions using traditional fuels, such as petroleum coke and coal.
In order to interpret these results correctly, the following methodological points need to be taken into consideration: -the substitution is calculated for an equivalent energy content the ELT replace a mix composed of 75% coke and 25% coal the only emissions for which a differential was calculated were CO 2 emissions; the other types of emission were taken as being equivalent for ELT and the solution they replaced, and were thus not taken into consideration in the review.
The environmental results obtained for the indicators studied show that there were significant environmental benefits for the recovery method. The biomass content of ELT, and the absence of extraction process with an environmental impact (as is the case for traditional fuels) are the origin of the environmental benefits calculated.
In the particular case of primary energy consumption, the sensitivity analysis carried out shows that the environmental results remain favourable for the ELT sector even when 50% of the feedstock energy contained in the tyres is allocated to it.
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Part of the emissions of ELT comes from the carbon biomass 3 , which does not contribute to the greenhouse effect indicator. This rule is coherent with the provisions of the regulations concerning the quantification of the CO 2 emissions declared as part of the greenhouse gas emission quota exchange system 4 .
The emission factor taken into account for the ELT was thus around 60 t of CO 2 /TJ versus more than 90 t of CO 2 /TJ for coal or petroleum coke 5 . Production of waste (in t) -1 0 0 -1 1 Warning: the stages identical to both of the solutions compared were not taken into account given that there is no differentiation in terms of the environmental result.
2 Overall results calculated with a scenario composed of 66% natural gas, 18% fuel and 16% coal (*) Non significant deviation as less than 10% of the total of the generated impacts by the recovery
The environmental results were established from the comparison of the use of ELT for energy purposes in urban heating and the solutions using traditional fuels such as coal in the main scenario, as well as an energy mix composed of natural gas, fuel and coal, as part of the sensitivity analysis.
In order to interpret these results correctly, the following methodological points need to taken into consideration: -the substitution is calculated for an equivalent energy content -the main avoidance scenario is based on a traditional solution composed of 100% coal -in a second stage, a sensitivity analysis was carried out on the basis of a mix composed of 66% natural gas, 18% fuel and 16% coal (an energy mix that is representative of the traditional fuels used in France).
For all the indicators on which we focused, with the exception of the gas contributing to the creation of tropospheric ozone, the environmental results obtained revealed environmental benefits, even if these benefits were more or less significant depending on the indicator taken into consideration.
For the total primary energy consumption indicator, the sensitivity analysis showed that the environmental results remained favourable for the ELT sector, even when 50% of the feedstock energy contained in the tyres was allocated to it.
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The environmental benefits calculated come essentially from the biomass content of ELT and the absence of any extraction process with an environmental impact (unlike the traditional fuels that the ELT replace).
When the traditional method was modelled with an energy mix representative of the traditional fuels used in France, the benefits provided by the solution using ELT decreased considerably for greenhouse gas and acidifying gas emissions. This is essentially the result of the predominance of natural gas in the energy mix replaced, with the combustion emissions from natural gas in urban heating being of an order of magnitude very similar to that of tyres (60 t CO 2 /TJ). Emissions of acidifying gas (in g eq. SO2) -2,033 453 452 -2,486
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Emissions of gas contributing to the creation of tropospheric ozone (in g eq. ethylene) -193 10 10 -203
Consumption of non renewable resources (in kg eq. antimony) -26 0.5 0.5 -26.5
Water consumption (in m 3 ) -2 0.2 0.2 -2
Waste contributing to eutrophication (in g eq. PO4) -77 104 104 -181
Production of waste (in t) -1 0 0 -1 1 Warning: the stages identical to both of the solutions compared were not taken into account given that there is no differentiation in terms of the environmental result.
The environmental review of recovering ELT shred in steelworks was established on the basis of a comparison with the traditional solution of using anthracite for the same provided service. This recovery method is a destructive ELT recovery method. It has been considered that 1.7 kg of ELT can replace 1 kg of anthracite and 0.26 kg of scrap metal. Nothing that is common to both solutions was taken into account in the evaluation. In this way, only CO2 emissions were considered to be differential between the use of ELT and the traditional solution.
For all the indicators analysed, the overall results show that there are environmental benefits, and that these benefits are more or less significant depending on the indicator considered.
With the exception of greenhouse gas emissions, the benefits generated by replacing anthracite with ELT come mainly from the fact of no longer having anthracite production to take into account or the recycling of scrap metals which is a relatively high-pollution stage. The fact of avoiding the transport stage for supplies of anthracite also provides a few additional benefits.
For the total primary energy consumption indicator, the sensitivity analysis carried out showed that the environmental results remain favourable for the ELT sector even when 50% of the feedstock energy contained in the tyres is allocated to it.
For the greenhouse gas emissions, the results are in favour of the ELT recovery method, even though the benefits are less significant than in the case of cement works. Although there is a biomass fraction in ELT, the substitution factor comes down more in favour of the anthracite than the ELT.
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Focus on foundries
Indicators
Total primary energy consumption (in GJ) -29 (*) 2 191 1 -2 221
Emissions of greenhouse gas of fossil origin (direct, 100 years) (in kg eq. CO2) -1,193 (*) 40,290 79 -41,483 Emissions of acidifying gas (in g eq. SO2) -4,115 (*) 433,169 452 -437,284 Emissions of gas contributing to the creation of tropospheric ozone (in g eq. ethylene) -301 (*) 76,725 10 -77,026
Consumption of non renewable resources (in kg eq. antimony) -20 (*) 1,139 0.5 -1,159
Water consumption (in m 3 ) -6 (*) 1,310 0.2 -1,316
Waste contributing to eutrophication (in g eq. PO4) -234 (*) 35,801 104 -36,035
Production of waste (in t) -1 (*) 166 0 -167 1 Warning: the stages identical to both of the solutions compared were not taken into account given that there is no differentiation in terms of the environmental result.
The results above come from the comparison between using shredded ELT in foundries and using foundry coke for the same provided service. This recovery method is a destructive ELT recovery method. Life span is thus not a factor in the substitution evaluation.
Recovery in a foundry is an emerging field. The data used for the present study were thus obtained from the results of industrial trials and which therefore need to be confirmed.
Using ELT in foundries makes it possible on the one hand to provide carbon in replacement of the carbon traditionally provided by the coke and, on the other hand, to provide steel for the load used to produce the cast iron.
Introducing ELT into the load instead of part of the coke modifies the carburation rate of the coke (that is, the ratio between the quantity of carbon integrated into the cast iron as it exits the cupola, and the quantity of carbon initially contained in the coke) in relation to the carburation rate without ELT. The carburation rate for the coke without ELT is 1.17%. This figure is 0.94% when the quantity of ELT introduced corresponds to 1% of the load (scrap metal + coke + ELT). These percentages, though low, have a major influence on the cast iron manufacturing process.
As a result of the influence of the presence of ELT on the behaviour of the coke in the cupola, it cannot simply be considered that ELT are used in replacement of part of the coke and part of the scrap metal. It was thus considered that a load composed of 1000 kg of scrap metal, 95 kg of coke and 10 kg of ELT would be used to replace a load composed of 1002.35 kg of scrap metal and 100.5 kg of coke.
On the basis of the data currently available, it turns out from the various calculations that the differences highlighted are not significant, regardless of the indicator analysed.
